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Diversity of yeasts was investigated by using a molecular technique employing variable regions of 26S 
rDNA profiles generated by PCR-denaturing gradient gel electrophoresis (DGGE) in the salted and 
fermented traditional fish named “adjuevan”. This fermented fish was produced in Ivory Coast at 
ambient temperature (28 to 30°C) following two traditional fermentation methods. Fermentation 
according to Method 1 was made in jars covered with plastics and stones for 5 days then dried for three 
days on racks or nets. For Method 2, fermentation and fish drying took place on racks or nets 
simultaneously for at least 10 days. PCR-DGGE and DNA sequencing was used to compare yeasts from 
both methods of production, and they were identified as Kluyveromyces marxianus, Hansenula 
anomala, Saccharomyces cerevisiae, Candida tropicalis, Candida zeylanoides, Pichia fermentans, 
Debaromyces hansenii, Hanseniaspora osmophilic, and Rhodotorula glutinis which had not been 
previously described in fermented fish. Yeast diversity was higher for Method 1, while the 
predominance strains of Debaromyces sp. and Candida sp. with Kluyveromyces sp. were higher for 
Method 2. This study showed the presence of yeast species and their participation in the fermentation 
of adjuevan. D. Hansenii and K. marxianus could be used as starter cultures for the standardisation of 
the fermented fish, adjuevan. 
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INTRODUCTION              
 
Aquatic microorganisms are known to be closely 
associated with the physiological status of fish (Al-Harbi 
and Uddin, 2003; Leesing, 2005). Yeasts are ubiquitous 
microorganisms, which can grow in various environments 
where organic substrates are available. Their presence 
has been noted in fish guts for some time in wild as well 
as farmed animals, but this natural occurrence has been 
generally   considered  incidental.  They  are  capable   of 
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growing and multiplying on complex substrates with high 
amounts of sugar, salt, low pH, low temperature and low 
water activity (aw) (Jakobsen and Narvhus, 1996; 
Lopandic et al., 2006). Yeast growth may play either a 
beneficial or a detrimental role on food products 
(Lopandic et al., 2006). Yeasts have also been 
increasingly considered as important agents in the matu-
ration process of some cheeses. First, by metabolizing 
lactic acid, they facilitate the implantation of an 
acidosensitive bacterial biota. Second, by their proteolytic 
and lipolytic activities, they generate the precursors of 
aromas (free amino acids and fatty acids),  and  that  may 
 
 
 
 
contribute significantly to the final flavour (Romano et al., 
1996). In France, Spain, and Italy, fermented sausages 
(the sensory properties of the products) are also 
influenced by the development of the surface flora, 
consisting of moulds and yeasts (Lücke, 2000). Many 
types of yeast can utilize lactic acid, leading to an 
increase in the pH, and this encourages the growth of 
secondary pH-sensitive microorganism. Bacteria growth 
may be stimulated by the amino acids and vitamins 
produced by yeasts (Fleet, 1990). Yeasts may also play 
an important role as inhibitors of undesired bacteria, like 
spore-forming bacteria of the genus Clostridium such as 
Clostridium butyricum and Clostridium tyrobutyricum 
(Fatichenti et al., 1983). Moreover, a variety of yeast 
species including Zygosaccharomyces rouxii, 
Debaryomyces and Hansenula have been also reported 
to be associated with the ecology of salted and 
traditionally fermented fish from Thailand and Ghana 
(Paludan-Muller et al., 2002; Sanni et al., 2002). Food 
associated yeasts could also be an underestimated 
source of infections and adverse health responses. 
Furthermore, yeast species such as Candida 
zeylanoides, found in humans, soil, meat, fish, and water 
had been reported as an emerging pathogen, especially 
on immune compromised patients causing fungemia and 
arthritis (Deak and Beuchat, 1996; Dorko et al., 2000). 
Development of analytic methods, identification, 
characterization and classification of yeast isolates had 
become essential for processing, preservation, 
conservation and food safety. Over recent years, culture-
independent methods based on molecular biology 
techniques have been developed to study microbial such 
as denaturing gradient gel electrophoresis (DGGE). This 
method has been used to investigate yeast population 
dynamics in milk and fermented products, including wine, 
fermented cassava (manioc), maize dough and coffee 
beans (Cocolin et al., 2002; Masoud et al., 2004; 
Prakitchaiwattana et al., 2004). El Sheikha et al. (2009) 
used PCR-DGGE to trace physalis fruits from diverse 
geographical origin by analysing the ecology of yeasts 
using the variable region of 26S rDNA. rDNA 26S is 
relatively easy to isolate for the abundance in cells, 
sequence is long enough to make comparisons 
statistically consistent, particularly suitable to study the 
relationship between the primary sequence and 
secondary structure because their structures are much 
more variable than those of the small subunit and has a 
well preserved structure (Hancock et al., 1988; Kurtzman 
and Robnett, 1998). Other investigations on the 
occurrence of yeasts in agricultural products have been 
carried out to compare traditional microbiological methods 
and culture-independent methodologies (Masoud et al., 
2004; Nielsen et al., 2007).  PCR-DGGE was successfully 
used for the investigation of the microbial ecology of 
sourdoughs, sausages (Rantsiou and Cocolin, 2006; 
Zhang et al., 2011). However, no investigation was focused 
on yeast diversity of this traditional fermented fish, 
despite the  important  place  of  the  adjuevan  in  Ivorian 
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people's food history. 
This study aims to assess the presence and diversity of 
dominant yeasts flora according to two fermentation 
processes of adjuevan from Ivory Coast by using the 
DNA directly extracted from the fermented fish and 
analysed by PCR-DGGE which target the yeast 26s 
rDNA, and then identifying it after sequencing.  
 
 
MATERIALS AND METHODS 
 
Production and sampling of the fermented fish adjuevan 
 
The fermented fish of Ivory Coast was produced according to two 
traditional methods, “Method 1 and Method 2”, prepared at ambient 
temperature (28 to 30°C) by women along continental rivers or the 
sea. According to Method 1, fish was first kept in a jar or a bowl 
without water for 48 h, and then it was cleaned and dry-salted with 
sea salt. After that, it was fermented for 5 days in jars covered with 
plastics or platelets on which stones were deposited. After 
fermentation, the fishes were sun dried on racks or nets for 3 days 
before being marketed. For Method 2, the fish was first kept for 24 
h without water, and then cleaned, opened along the spine, and 
followed by dry salting. Fermentation took place during drying on 
racks or nets for at least 10 days (Figure 1).  
Four producers were selected at the production sites of Vridi and 
Assinie in South Ivory Coast, according to several criteria including 
the amount of production, regularity in production, strong customer 
service, ease of access to the site and the simultaneous use of two 
methods of fermentation at weekly intervals. Two producers were 
selected per site of production. The first producer named PA and 
the second producer named PD were from the site of Abidjan, 
whereas the first producers named PB and PC were from the site of 
Assinie. Samples PA1 and PA2 were successively produced 
following Method 1 by producer PA; samples named PB1 and PB2 
were successively produced by the same Method 1 by producer 
PB. Same numeration was applied for samples PC1 and PC2. 
Likewise, PD1 and PD2 were produced by Method 2 by producers 
PC and PD. A total of 48 samples of 2 kg per sample of adjuevan 
produced with sea fish (Galeoides decadactylus) were collected 
aseptically after drying at a weekly interval for the two productions. 
Samples were collected in triplicate then put in sterile plastic bags 
aseptically for different physicochemical and microbiological 
analysis. 
 
 
Chemical analysis 
 
In this study, the following physicochemical analyses: pH, Aw, salt 
content, water content and titrable acidity were performed. Sodium 
content was determined by a chloride analyser (Corning Chloride 
analyser 926) after cold extraction in 0.3 N nitric acid (Bohuon, 
1995). Water activity was determined using a water activity meter 
(AQUA LAB 4TE Decagon Devices fashion). Water content was 
determined on 5 g of sample by drying in an oven (Firlabo) at 103 ± 
2°C for 24 h (Audigié et al., 1980). 
pH and titrable acidity were determined by an automatic titrimeter 
(TitroLine easy Schott 96) on 5 g of fermented fish dissolved in 50 
ml distilled water after homogenization during 30 min, then titrated 
by 0.05 N NaOH. 
 
 
Microbiological analysis 
 
Enumeration of yeasts 
 
Ten grams of  fermented  fish  adjuevan  were  aseptically  weighed 
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Figure 1. Methods of production of fermented fish “adjuevan”.          
 
 
 
and transferred into sterile 50 ml bottles containing 25 ml peptone 
physiological saline at 0.8% NaCl (Merck, Germany), 0.1% neutral 
peptone (Oxoid, Basingstoke, UK). Then, bottles were vortexed for 
15 min and appropriate serial dilutions (10-1 to 10-6) were plated in 
duplicate on malt extract agar (MEA) (Oxoid) containing 0.1% 
oxytetracycline (Sigma-Aldrich Co., USA). The MEA plates were 
incubated at 25°C for 4 days. After the incubation, a differential 
count based on colony color was made. 
 
 
DNA extraction from yeast 
 
DNA extraction from yeast was done according to El Sheikha et al. 
(2009) after the modification of the methods used by Masoudet et 
al. (2004) and Chumillas Ros et al. (2007). 8 g of fermented fish 
samples taken from skin, abdomen and head were homogenized by 
vortex for 30 min (Vortex Genie 2 SI-A256, USA) after addition of 
16 ml of sterile peptone water (pH 7.0, Dickinson, France). Two 
Eppendorf tubes of 2 ml containing the homogenate were vortexed 
for 10 min and centrifuged at 12 000 g for 15 min, then the super-
natant was discarded. The cell pellet was resuspended in 300 μl of 
breaking buffer [2% Triton X-100 (Prolabo, France), 1% SDS 
(sodium dodecyl sulphate; Sigma, France), 100 mM NaCl (Sigma), 
10 mM Tris, pH 8.0, 1 mM EDTA, pH 8.0 (Promega, France)]. 100 
μl TE [10 mM Tris–HCl; 1 mM EDTA; pH 8.0 (Promega)], 100 μl 
lysozyme solution (25 mg/ml, Eurobio, France), and 100 μl 
proteinase K solution (20 mg/ml, Eurobio, France)] were added and 
the mixture was incubated at 42°C for 20 min. Then 50 μl of 20% 
SDS were added to each tube, and then incubated at 42°C for 10 
min. 400 μl MATAB (mixed alkyltrimethyl ammonium bromide; 
Sigma) were added to each tube, and then incubated at 65°C for 10 
min. The lysates were then purified twice by repeated extraction 
with 700 μl phenol/chloroform/isoamyl alcohol (25/24/1; Carlo Erba, 
France), and the tubes were vortexed for 1 min and centrifuged at 
12 000 × g for 15 min. The aqueous layer was transferred to an 
Eppendorf vial and the residual phenol was removed by extraction 
with 600 μl chloroform/isoamyl alcohol (24/1), and centrifuged for 
15 min at 12000 × g. The aqueous phase was collected and the 
DNA was stabilized with 30 μl sodium acetate (3 M, pH 5), followed 
by precipitation by adding an equal volume of ice-cold isopropanol, 
and stored at −20°C for 12 h (overnight). After centrifugation at 
12000 × g for 15 min, the supernatant was eliminated, DNA pellets 
were washed with 500 μl 70% ethanol, and the tubes were cen-
trifuged at 12000 × g for 15 min. The ethanol was then discarded 
and the pellets were air-dried at room temperature for 3 h. Finally, 
the DNA was resuspended in 50 μl of ultrapure water and stored at 
−20°C until analysis. 
 
 
PCR-denaturing gradient gel electrophoresis (DGGE) analysis 
 
A fragment of the D1/D2 region of the 26S rRNA gene was 
amplified using eukaryotic universal primers: forward, NL1GC (5‟-
CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCC ATA 
TCA ATA AGC GGA GGA AAA G-3‟; Sigma); reverse, LS2 (5‟-ATT 
CCC AAA CAA CTC GAC TC-3‟; Sigma), amplifying a 250 bp 
fragment (Kurtzman and Robnett, 1998; Cocolin et al., 2000). A 30 
bp GC clamp (Sigma) was added to the forward primer (GC clamp 
is underlined). PCR amplification was performed in a final volume of 
50 μl according to the protocols described by El Sheikha et al. 
(2009). Aliquots (5 μl) of PCR products were analysed first by 
conventional electrophoresis in 2% w/v agarose gel with TAE 1 × 
buffer (40 mM Tris–HCl, pH 7.4, 20 mM sodium acetate, 1.0 mM 
Na2- EDTA), stained with ethidium bromide (Promega) 50 μg/ml in 
TAE 1× and quantified by using a standard (DNA mass ladder 100 
bp; Promega). PCR products were analysed by DGGE, by using a 
Bio-Rad code universal mutation detection system (Bio-Rad, USA), 
using   first   the   procedure   described   by   Muyzer  et  al.  (1993)  
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Table 1. Microbial and physicochemical characteristics of fermented fish "adjuevan" produced by two methods of fermentation in Ivory Coast. 
 
Adjuevan  Sample pH 
Titrable acidity 
(%) 
Salt content 
(% NaCl) 
Water activity 
Water content 
(%) 
Yeasts 
(log CFU/g) 
  
Method 1     
(n = 24) 
PA1 6.5±0.3
a
 11.8±0.5
a
 5.1±0.01
b
 0.89±0.01
a
 55.8±0.4
b
 4.3±0.1
a
 
PA2 5.6±0.2
a
 16.5±0.4
b
 2.2±0.3
a
 0.96±0.05
a
 66.1±0.7
a
 6.3±0.4
b
 
PB1 6.4±0.1
a
 14.4±0.3
a
 4.2±0.02
ab
 0.93±0.1
a
 66.4±0.2
a
 4.4±0.02
a
 
PB2 6.5±0.4
a
 13.1±0.5
a
 3.1± 0.4
a
 0.96±0.6
a
 62.2±0.01
a
 5.1±0.5
a
 
  
       
  
Method 2  
(n = 24) 
PC1 6.6±0.03
a
 9.5±0.2
a
 7.5±0.3
c
 0.83±0.04
a
 27.6±0.1
d
 2.8±0.3
a
 
PC2 6.7±0.1
a
 9.1±0.1
a
 10.3±0.5
c
 0.75±0.02
b
 38.6±0.05
c
 4.4±0.03
a
 
PD1 6.6±0.6
a
 10.3±0.2
a
 5.4±0.4
b
 0.85±0.1
a
 42.9±0.3
c
 3.1±0.4
a
 
PD2 6.5±0.1
a
 8.0±0.6
a
 5.2±0.03
b
 0.87±0.05
a
 46.2±0.3
c
 2.9±0.6
a
 
 
Values are expressed as means ± standard deviation for three independent trials; Means values with the same letter in a line for each parameter are 
not significantly different (P > 0.05). PA1; PA2 and PD1; PD2: Two successive productions carried out by a local producer at Abidjan-Vridi following 
respectively method 1 and method 2. PB1; PB2 and PC1; PC2: Two successive productions carried out by a local producer at Assinie following 
respectively Method 1 and Method 2. 
 
 
 
and improved by Leesing (2005). Samples containing approxi-
mately equal amounts of PCR amplicons were loaded into 8% w/v 
polyacrylamide gels (acrylamide:N,N - methylene bisacrylamide, 
37.5/1; Promega) in 1× TAE buffer (40 mM Tris–HCl, pH 7.4, 20 
mM sodium acetate, 1.0 mM Na2-EDTA). All electrophoresis 
experiments were performed at 60°C, using a denaturing gradient 
in the range of 30 to 60% (100% corresponded to 7 M urea and 
40% v/v formamide; Promega). The gels were electrophoresed at 
20 V for 10 min and then at 80 V for 12 h. After electrophoresis, the 
gels were stained for 30 min with ethidium bromide and rinsed for 
10 min in distilled water and then photographed on a UV 
transilluminator with the Gel Smart 7.3 system (Clara Vision, Les 
Ulis, France). 
 
 
Statistical analysis 
 
Chemical analysis results were statistically evaluated by one way 
analysis of variance (ANOVA) and Bonferroni test (Dunn) at p<0.05 
with the software Statistica, 99 Edition. 
 
 
Imaging and statistical analysis 
 
Individual lanes of the gel images were straightened and aligned 
using Image Quant TL software v. 2003 (Amersham Biosciences, 
USA). Banding patterns were standardized with two reference 
patterns included in all gels, Wickerhamomyces anomalus DNA and 
Komagataella pastoris DNA. This software permitted the identifi-
cation of bands‟ relative positions compared with standard patterns. 
In DGGE analysis, the generated banding pattern is considered as 
an image of the major yeasts in the populations. An individual 
discrete band refers to a unique „sequence type‟ or phylotype 
(Muyzer et al., 1995; Van Hannen et al., 1999). This was confirmed 
by Kowalchuk et al. (1997) who showed that co-migrating bands 
generally corresponded to identical sequences. The DGGE 
fingerprints were manually scored by the presence and absence of 
co-migrating bands, independent of intensity. Pairwise community 
similarities were quantified using the Dice similarity coefficient (SD) 
(Heyndrickx et al., 1996):  
 
SD = 2Nc/Na + Nb (1) 
 
where Na represents the number of bands detected in sample A, 
Nb the number of bands in sample B, and Nc the number of bands 
common to both samples. The similarity index was expressed within 
a range of 0 (completely dissimilar) to 100 (perfect similarity). 
Significant differences of yeast communities of samples were 
determined by factorial correspondence analysis, using the first two 
variances that described most of the variation in the data set. 
 
 
Purification and sequencing 
 
Bands were cut from the gel and the amplicons were purified using 
the Wizard PCR purification kit (Preps DNA Purification System, 
Promega, France) followed by a new PCR but with primers without 
GC clamp. The PCR products were then sent to GATC Biotech 
(Germany) where they were submitted to a second DNA purification 
before sequencing. Sequence of 26S rDNA comparisons were 
performed using the basic local alignment search tool (BLAST) in 
GenBank (www.ncbi.nlm. nih.gov/blast) after editing and trimming 
the sequences by BioEdit sequence alignment editor, version 7.0.0. 
The yeast isolates were identified based on a 99 to 100% similarity 
criterion. 
 
 
RESULTS AND DISCUSSION 
 
Chemical analysis 
 
The results of the chemical analysis are shown in Table 
1. Sample from Method 1 gave a final pH between 5.6 
and 6.5, and the samples from Method 2 had pH from 6.5 
and 6.7 showing that, irrespective of the method of 
production used, the pH varied very little, and was 
generally above 6. These results were in conformity with 
those of different works done on fermented fish (Sanni et 
al., 2002; Anihouvi et al., 2007) which have also shown 
that the pH of fermented fish was above 6. Aw and salt 
content of samples of Method 1 varied respectively 
between 0.96 and 0.89, and 2.1 and 5.1%. The titrable 
acidity varied from 11.8 to 16.5%. The samples produced 
by Method 2 presented an Aw and a salt content 
respectively between 0.87 and 0.75, and 5.5 and 10.2%, 
then a lower titrable acidity from 8.04 to 10.3%. In 
addition,   the   samples    of   Method    1    were    wetter  
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Figure 2. DGGE profiles of the bacterial community from DNA directly extracted 
from adjuevan produced with two processing methods. Bands indicated by 
numbers were excised and, after re-amplification, subjected to sequencing. 1-14. 
Debaromyces sp; 2. Debaromyces hansenii; 3. Hansenula anomala; 4. 
Saccharomyces cerevisiae; 5. Candida tropicalis; 6. Candida zeylanoides; 7. 
Pichia fermentans; 8. Kluyveromyces marxianus; 9-13. Hanseniaspora osmophila; 
10-11. Kluyveromyces sp; 12. Rhodotorula glutinis. PA1, PA2 and PD1, PD2: Two 
successive productions carried out by a local producer at Abidjan-Vridi following 
respectively Method 1 and Method 2. PB1, PB2 and PC1, PC2: Two successive 
productions carried out by a local producer at Assinie following respectively 
Method 1 and Method 2. 
 
 
 
(above 55%) than those of Method 2 with water content 
under 46%. Our results showed that the samples from 
Method 1 can be more favourable for microbial flora 
growth because of their lower salt content, elevated Aw, 
and a pH near neutral with higher water content. 
Whatever the method of production used, or the 
producers for the same fermentation conditions 
(equipment, room temperature, and fermentation time), 
the salt content varied from one production to another. 
This variation was due to the addition of salt with the 
approval of the producers. These results were in 
agreement with those of Anihouvi et al. (2005) who 
showed that salt was added to the fish at the approval of 
the producers on fermented fish of Benin. All the 
characteristics varied from one production to another, 
from one producer system to another, and also according 
to the method of production and the amount of salt 
added. The variation of titrable acidity, Aw and salt 
content were significant with p ≤ 0.05 according to the 
amount of salt added, the producer, and the method of 
fermentation used.  
Microbiological analysis 
 
The load of yeast values in samples from Method 1 was 
4.3 to 6.3
 
cfu/g, then those from samples of the second 
method were 2.8 to 4.4 cfu/g (Table 1). There was no 
significant variation of yeast load according to both 
methods. Yeasts had not been detected during any time 
of lanhouin fermentation (Anihouvi et al., 2007). The 
presence of yeasts in adjuevan samples could be 
explained by a contamination of fish of the non-sterile 
fermenting material and the favorable physicochemical 
characteristics of the fermented fish, adjuevan, for 
microbe‟s growth.  
PCR-DGGE patterns of samples for Method 1 revealed 
4 to 8 bands of yeast DNA and the profiles of samples of 
Method 2 had only 2 to 4 bands of yeast DNA (Figure 2). 
This implies that there were quantitatively more bands of 
yeast in Method 1. Samples of Method 1 produced 
successively by the same producer had almost common 
bands. Samples PA1 and PA2 successively produced at 
intervals of one week by  producer  PA  in  the same  jars 
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had several common DNA bands, such as samples for 
PB1 and PB2 by producer PB. However, DGGE profiles 
of the samples from Method 2 were very different from 
each other, as can be seen for samples PC1 and PC2 
produced successively at intervals of one week by 
producer PC, and samples PD1 and PD2 also produced 
successively at intervals of one week by producer PD. 
These results suggested that the yeast of the fish 
adjuevan fermented by Method 1 can be influenced by 
the microorganisms present in the fermentation equip-
ment and the process used. In addition, the influence of 
salt was also seen; as the salt content increased, 
additional less bands were found for the same method of 
production and equipment used. We observed that 
sample PA2 had a lower salt content that conducted to 2 
more bands (6 bands of DNA) than sample PA1 (4 
bands). The same was observed for samples PB1 that 
had one more band of DNA than PB2. PC2 had also two 
more bands of DNA than PC1. The same observation 
was made for sample PD1 that had 3 bands of DNA, with 
a higher salt content, than PD2. According to the origins 
of the fishes used in this work, we observed that samples 
PA1 and PA2 and samples PD1 and PD2 produced by 
different producers with fish from the same origin have 
two common bands (Bands 2 and 13). Similarly, samples 
PB1-PB2 and PC1-PC2 produced with fish from the 
same origin by two different producers (PB and PC) had 
only one common band (band 14). These results 
suggested that some microorganisms present in the 
traditional fermented fish could come from the environ-
ment of the raw material. The results of this study are in 
agreement with those of several authors including 
Larrouture et al. (2000), Mauriello et al. (2004), and 
Rantsiou et al. (2005) who suggested that 
microorganisms present in traditional sausages came 
from the raw materials used or from the environment.  
A total of 86 bands of yeasts DNA was obtained, from 
which 69 representatives (48 bands for Method 1, and 21 
bands for Method 2) were sequenced and identified. The 
yeasts belonged to 8 genera: Debaryomyces, 
Kluyveromyces, Hansenula, Saccharomyces, Candida, 
Pichia, Hanseniaspora, and Rhodotorula (Figure 2). 
These genera of yeast were also found on the skin or in 
the intestines of fresh fish by Andlid et al. (1995), and 
Gatesoupe (2007). Their ability to grow on complex 
substrates with high amounts of sugar, salt, low pH, low 
temperature, and low water activity (aw) was also shown 
(Jakobsen and Narvhus, 1996; Lopandic et al., 2006). 
The numbers and types of species isolated varied with 
the method of production. So according to Method 1, 
Kluyveromyces sp. and Debaromyces sp. were obtained. 
The dominant species for Method 1 were D. hansenii and 
Candida sp. with respective percentages of 41.6 and 
22.9% for all strains. This might be the result of the 
combined effect of salt concentration, anaerobic process, 
pH around 6, Aw around 0.9 of samples, and the 
previously reported condition   which  was  favourable  for  
                                             Clementine et al.         4143 
 
 
 
the growth of this yeast by Betts et al. (1999). Moreover 
D. hansenii has been reported to have the ability to grow 
at extremely high salt and nitrite concen-trations, and low 
Aw as compared to C. zeylanoides (Viljoen and Greyling, 
1995; Asefa et al., 2009). In cheeses with high salt 
content, D. hansenii was predominant and has been 
recognised to accelerate the lipolysis and proteolysis 
activities that are thus important for the sensory qualities 
of cheese and dry-cured meat products (Pereira-Dias et 
al., 2000; Martin et al., 2006; Patrignani et al., 2007; 
Jacques and Casaregola, 2008; Andrade et al., 2009). 
For Method 2, Kluyveromyces sp. and H. osmophila were 
the dominant species being 47.7 and 28.6%, 
respectively. Kluyveromyces species as K. marxianus 
was reported to be an alternative producer of animal-
source of carboxypeptidase enzyme that is important in 
industries (Ramirez-Zavala et al., 2004).  
This finding showed that D. hansenii and K. marxianus 
can have a positive contribution for the development of 
sensory qualities of fermented fish as it was observed in 
cheeses and dry-cured meat products (Bolumar et al., 
2006; Martin et al., 2006; Fleet, 2007; Andrade et al., 
2009) in addition to the hygienic quality of adjuevan. C. 
tropicalis was founded in the samples produced by 
Method 1 and Rhodotorula glutinis was present only in 
one sample produced by Method 2. Loveness et al. 
(2007) had reported that Rhodotorula sp. and C. 
tropicalis were relatively frequent in both marine and 
freshwater fish. Vázquez-Juárez et al. (1993) showed 
that R. rubra, R. glutinis, and Candida zeylanoides strains 
isolated from flatfish can adhere to several substrates. 
However, C. tropicalis has been shown to be pathogen 
for humans and it has a greater potential of causing 
disease in immunocompromised humans (Pfaller et al., 
1987). So the presence of R. glutinis, Candida tropicalis, 
and H. osmophila in the yeasts can be seen from the 
original raw fish, also linked to a contamination by the 
environment, from the material of fermentation or from 
the producer.  
The identification of S. cerevisiae from adjuevan is 
unusual because they are not frequently associated with 
salted fermented fish products. This absence may be due 
to the low content of sugar in the fish flesh. Nonetheless, 
Izgü et al. (2004) had reported that S. cerevisiae can 
secrete a killer toxin to inhibit the growth of the 
contaminant yeast C. tropicalis at a temperature of 20 to 
30°C. So, S. Cerevisiae can have a positive contribution 
for the hygienic quality of adjuevan during conservation. 
In addition, H. anomala and D. hansenii were found in the 
fermented fish from Ghana (Sanni et al., 2002) that was 
similar to the fermented fish of Method 1, whereas the 
other yeast species had not previously been recovered 
from the fermented fish products. These results showed 
that it is advantageous to use this molecular method 
(PCR-DGGE) to monitor yeasts strains involved in 
fermented fish by applying it directly to the matrix. The 
cluster analysis of 26S rDNA  banding  profiles  for  yeast  
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Figure 3. Cluster analysis of 26S rDNA banding profiles of yeasts from fermented fish “adjuevan” collected with 
different producers following two methods of production in Ivory Coast. The acronyms correspond to:  Sample of the 
first and second fermentation respectively of producer A (PA1, PA2) and producer D: (PD1, PD2) from the site of 
Abidjan-Vridi; producer B (PB1, PB2) and producer C (PC1, PC2) from the site of Assinie. PA1, PA2 and PD1, PD2: 
Two successive productions carried out by a local producer at Abidjan-Vridi following respectively Method 1 and 
Method 2 PB1, PB2 and PC1, PC2: Two successive productions carried out by a local producer at Assinie following 
respectively Method 1 and Method 2.  
 
 
 
communities are shown in Figure 3. A strong similarity 
was observed at 88% between samples PA1 and PA2, 
then a similarity of 79% was observed between samples 
PB1 and PB2. These statistical treatments confirmed the 
strong similarity between the samples produced 
simultaneously using Method 1 by the same producer. 
However, dissimilarity of 23% was observed between 
samples PC1 and PC2 of Method 2, and a higher 
dissimilarity percentage of 46% was observed for 
samples PD1 and PD2. Concerning the origins, no 
similarity or low similarity was observed between the 
samples coming from the same origin (Figure 3). Yeast 
community of the fermented fish was more influenced by 
the community of the fermentation equipment and the 
method used. It was also influenced by the community of 
the original microorganisms of the fish, like the case of 
the lactic acid bacteria in adjuevan previously reported by 
Koffi-Nevry et al. (2011).  
This study is the first to describe yeasts associated with 
the Ivorian production of fermented fish by using 
molecular DGGE method. It is possible that yeasts can 
be potentially responsible for the flavour of the fish, or 
some problems encountered by traditional producers 
while using the two methods of fermentation or conserva-
tion. This study, performed by PCR-DGGE, describes the 
dominant species of yeast in the fermented fish. It could 
be strengthened by supplementing the DGGE method 
with analysis based on culture-dependent method to 
obtain a complete ecology of yeast strains in the 
fermented fish, Further research could be also done on 
dominant strains like D. Hansenii and K. marxianus that 
could be used as starter cultures for the benefit of the 
fermented fish, and Ivorian producers. 
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